Borage (Borago officinalis L.) is anticipated as a banker plant in strawberry greenhouses to adopt integrated aphid management, because borage has a stimulatory influence on parasitoid wasps attacking aphids. However, before actually using borage, we had to answer the following question: will borage become a hotbed for spider mites? To investigate this, host plant suitability and acceptance by 18 tetranychid mite species were tested on borage and strawberry leaves. The mites were two Panonychus species, two Eotetranychus species and 14 Tetranychus species, including the green and red forms of T. urticae that were counted as separate species. Borage appeared an unsuitable host, because females of all 18 mite species did not lay eggs, females of most species could not survive for more than 5 days, and larvae of all 18 mite species did not develop to nymphal stages on borage. Conversely, strawberry was a suitable host for 13 of the 18 spider mite species: females laid eggs and about 90% of larvae successfully reached adulthood. Thus, these13 species have the potential to become pests of strawberry. Offering female spider mites the choice between interconnected borage and strawberry leaf discs, (1) most females moved from borage to strawberry except for the two Panonychus species and E. asiaticus, and (2) few females moved from strawberry to either borage or strawberry. Consequently, it is highly unlikely that borage will become a hotbed for any of the spider mite species.
INTRODUCTION
Strawberry is attacked by a great variety of pests, both insects and pathogens-infamous examples are various aphids and phytophagous mites. A ubiquitous and economically highly relevant mite found in strawberry greenhouses as well as fields is the two-spotted spider mite, Tetranychus urticae Koch (Raworth, 1986; Sonneveld et al., 1996; Labanowska, 2007) . Other spider mite species are also found on strawberry, some with considerable developmental success in laboratory tests on strawberry leaf discs, for example, Eotetranychus asiaticus Ehara (Osakabe, 2002) , Tetranychus ludeni Zacher (Goodwin, 1990) , Tetranychus kanzawai Kishida (Gomi and Gotoh, 1996) , Tetranychus pueraricola Ehara et Gotoh (Gotoh et al., 2004) and Tetranychus cinnabarinus (Boisduval) (ϭred form of T. urticae) (Kazak and Kibritci, 2008) . Although spider mites are known to be highly polyphagous, they do not perform equally well on all plants. Their host choice is known to be influenced by many factors, mainly the levels of nutrients and toxic constituents.
Within the study of insect-plant interactions, preference, specificity and performance are defined differently (Miller and Strickler, 1984; Singer, 1986; Thompson, 1988) . Preference and performance-i.e., growth, survival and reproduction of offspring-are important components of host range ecology and evolution (Thompson, 1988; Gomi and Gotoh, 1996; Agrawal, 2000) . The host range of many herbivorous species is shaped by the oviposition preference of females on plants that are good enough to allow successful development and survival for their offspring (Via, 1986; Thompson, 1988) . Often, host plant preference and performance are positively correlated, but not always-in some cases no correlation or a negative relationship was found between preference and performance (Thompson, 1988; Mayhew, 1997) . Female spider mites forced to feed on non-preferred host plants generally have low fecundity (Yano et al., 1998; Greco et al., 2006) . Because spider mites disperse mostly in a passive way through wind they are likely to end up near new hosts, hence their selection of host plants should be thought of in terms of acceptance, rather than host finding (Sabelis, 1985) .
Borage (Borago officinalis L.)-a weedy annual plant with bright blue star-shaped flowers, growing in most of Europe and the Mediterranean basinhas been found to be a companion plant of strawberry, because borage as a flower-rich nectar plant attracts honeybees which act as pollinator of strawberry. Borage is one of few non-indigenous plants that have been used successfully in habitat management worldwide (Fiedler and Landis, 2007) . In addition, borage infested with aphids such as Aphis gossypii Glover and Myzus persicae Sulzer, emits volatiles that attract aphid parasitoid wasps such as Aphidius colemani Viereck and at least two indigenous wasp species (Fujinuma et al., 2010) . Planting borage as a so-called banker plant in strawberry greenhouses is thus expected to increase the effectiveness of parasitoid wasps. The most common banker plant system consists of cereal plants infested with non-pest herbivores as a host for parasitoid wasps, and most studies in which banker plant systems have been investigated till now deal with a combination of parasitoid wasps and aphids (Frank, 2010) .
This study is part of a project to enhance an IPM system in strawberry cultivation using borage as an attractant plant for aphid natural enemies, especially parasitoids. However, before planting borage as an agricultural method in aphid control in strawberry, we have to make sure the borage does not stimulate other strawberry pests, for instance spider mites. Two questions need to be answered: (1) will borage become a hotbed for spider mites? And (2) will borage have a bad influence on spider mite predators, used as part of established biological control programs in commercial strawberry cultivation? In the present paper, we report on the developmental performance of 18 tetranychid mite species on borage and strawberry, focusing on the first question. Host plant suitability. To investigate the likelihood of borage becoming a hotbed for spider mites, we assayed the percentage of females that survived and laid at least one egg for 5 d after emergence, and the developmental rate from larva to adult, both on borage and on strawberry (cv. Nyoho). A single teleiochrysalis female and two adult males were placed on a leaf disc of borage or strawberry for mating, and allowed to lay eggs for 5 d after emergence. If females died or did not lay eggs in 5 d after emergence, then their longevity was recorded. Eggs obtained from each individual in 5 d after emergence of adult female were cultured to determine their hatchability and the survival rate of the immature. In total 32 adult females were examined for every mite species. On borage, one extra experiment was carried out to determine the developmental rates of the 18 spider mite species, because none of the females laid eggs on borage. Ten newly hatched larvae from each stock culture were randomly selected and placed onto six square borage leaf discs (10ϫ10 mm) and the developmental stages were recorded daily. A total of 60 larvae were examined for each mite species.
MATERIALS AND METHODS

Mites.
Host plant acceptance: movement of females.
To test settlement of females on borage and strawberry for 16 spider mite species, excluding T. evansi and T. ezoensis which failed to lay eggs on either strawberry or borage, we measured movement of adult females from a test plant where they had been released ('origin'), to another plant ('fate') (Yano et al., 1998; Greco et al., 2006) . Two square leaf discs (10ϫ10 mm) were connected with a bridge of parafilm (1.5 mm width and 50 mm length), then five 2-3-d-old adult females were inoculated onto the 'origin' leaf disc and their positions-i.e., either 'origin' or 'fate'-were recorded after 24 h according to the methods of Yano et al. (1998) . Assays were carried out as free choice tests in order to measure net movement between borage (B) and strawberry (S) through the following combinations: B-S, B-B, S-B and S-S. Twenty replicates were conducted for every combination. No females drowned or died otherwise during the assay and it was assured that the 'origin' site was borage for 50% of the mites and, strawberry for the other 50%; 'origin' sites alternated between replicates.
Statistical analysis. One-way analysis of variance (ANOVA) was used to compare the longevity of adult females, the number of eggs laid, egg hatchability and survival rate of immature stages. Means were compared using Scheffé's test (SPSS, 2009) . To normalize the data and to achieve variance homogeneity, prior to analysis, the values were ln-transformed (longevity and the number of eggs laid per female) or transformed logistically (egg hatchability and survival rate) (Sokal and Rohlf, 1995) . The results of host plant acceptance (movement of females) were compared using the one-tailed binomial test (SPSS, 2009) .
RESULTS
Survival of the female on borage was generally very low and about 50% or more females of only six species (all Tetranychus) survived for the first 5 d after emergence: T. parakanzawai Ehara, T. phaselus Ehara, T. piercei McGregor, T. truncatus Ehara and two forms of T. urticae (Table 2) . Average longevity ranged from 1.88 d (T. okinawanus Ehara) to 6.34 d (T. truncatus). Some females survived for 8 d, but none of the females laid eggs (Table 2) . None of the larvae of any of the 18 mite species added onto borage leaf discs successfully developed into nymphs (data not shown). Thus, borage appeared to be an unsuitable host for all spider mite species tested. On strawberry, no females of T. evansi and T. ezoensis and few females (31.3%) of P. mori survived for 5 d after emergence, but females of the other 15 mite species survived well (77.1-100%) (Table 3) . However, about half of the P. citri and T. parakanzawai females could not lay eggs for 5 d, and their fecundities were 12.88 and 9.40 eggs, respectively. Fecundity of P. mori females was also low (5.00 eggs/female/5 d). Hatchability for all 16 mite species that laid eggs was high, ranging from 85.19 % (T. ludeni) to 99.78% (T. piercei) ( Table 3; ANOVA, F 15,407ϭ 11.963, pϽ0.001). Survival rate of juvenile was higher than 87% for all but one species-for P. mori it was 0% (Table 3 ; ANOVA, F 15,407 ϭ27.976, pϽ0.001). Consequently, strawberry appeared to be a suitable host for 13 out of 18 mite species tested, excluding the two Panonychus species, T. evansi, T. ezoensis and T. parakanzawai.
Most females of E. smithi Pritchard et Baker and 11 Tetranychus species starting on borage ('origin') moved to strawberry ('fate') ( Fig. 1; binomial test, pϭ0.02 for T. misumaiensis Ehara et Gotoh, and pϽ0.001 for the other 10 species). Females of the green form of T. urticae settled evenly on both sites (pϾ0.05). Conversely, the two Panonychus species and E. asiaticus did not move to strawberry and settled on borage as 'origin' ( pϽ0.001). When offered a choice between borage as 'origin' as well as 'fate', most females (except for Tetranychus species) finally settled on 'origin', sometimes after going back and forth between the two borage leaf discs. The four exceptional species showed no significant preference and settled evenly on both borage leaf discs. When 'origin' and 'fate' were strawberry, females of all but two species did not move from 'origin' to 'fate' (pϽ0.001). The two exceptional species settled evenly on both 'origin' and 'fate' strawberry leaf discs. Movement from strawberry as 'origin' to borage as 'fate' differed significantly from other experimental setups, and most females of all species settled on strawberry. Thus, most spider mite species avoided borage when given strawberry as alternative.
DISCUSSION
Borage appeared to be an unsuitable host plant for all spider mite species tested, because no females laid eggs and no larvae forced to feed on borage leaves developed into nymphs. The most likely explanation for these results is the poor quality of borage in terms of morphological and/or chemical factors. Levin (1973) discussed that trichomes confer physical resistance to insect herbivores by impeding locomotion, feeding and ovipo-583 Performance of Tetranychid Mites Fig. 1 . Distribution of two Panonychus, two Eotetranychus and 12 Tetranychus mite species over interconnected leaf discs of borage (B) or strawberry (S). Per choice test, half of the mites started on the one leaf disc ('origin'), the other half started on the 'fate' disc. Each bar is based on the spider mite females that made a choice after 24 h. Mean values differ significantly from 50 : 50 distribution (i.e., no preference) at * pϽ0.05 and *** pϽ0.001 (one-tailed binomial test); ns: not significantly different at pϭ0.05. sition. Borage leaves are covered by stiff and thick trichomes on both sides. These trichomes might have hindered the larvae such that they do not reach maturity. Extracts from some kinds of plants have been reported to possess antimicrobial activity against plant pathogens and pests (Soylu et al., 2007; Murthy et al., 2009) . Borage seeds and leaves contain essential oils and polyphenols that have antioxidant and fungicidal activities (Wettasinghe et al., 2001) . Furthermore, Duke (1990) mentioned the usage of phenolic compounds of the genera Derris, Lonchocarpus and Tephrosia as commercial insecticides since 1930s, so certain phenolic compounds in borage might act as growth inhibitors and antifeedants for spider mites (Duffey, 1986; Rasikari et al., 2005) , although more analysis and additional studies are needed to clarify this possibility.
Strawberry was found to be a suitable host plant for 13 of the 18 spider mite species; most females oviposited successfully and developed well. Many researchers recorded the suitability of strawberry as a host plant for spider mites, especially Tetranychus species (Goodwin, 1990; Gomi and Gotoh, 1996; Osakabe, 2002; Gotoh et al., 2004; Kazak and Kibritci, 2008) . The five of the 18 spider mite species for which strawberry appeared unsuitable were P. citri, P. mori, T. evansi, T. ezoensis and T. parakanzawai. Some of these were highly hostspecific: T. evansi infests only solanaceous plants (Gotoh et al., 2010) , and T. ezoensis is only found on the coniferous tree, Taxus cuspidata Sieb. et Zucc. (Ehara and Gotoh, 2009) .
Movement from borage to strawberry in most females, especially of Tetranychus species, endorses the suitability of strawberry as a potential host plant in contrast to borage. Spider mites may escape from unsuitable plants when they are inoculated on them. Greco et al. (2006) reported the repeated escape of T. urticae from onion and leek as unsuitable plants, compared to strawberry as a suitable plant. With the combination of borage and borage in our experiments, we found that mites frequently moved between the two leaf discs during the 24 h observation. For the two Panonychus species and E. asiaticus, few movements occurred from borage to strawberry, nevertheless borage was an unsuitable plant for them. Interestingly, these three species seemed to walk hard on borage (unpublished observation). All three species spin little silky threads (LW type; Saito, 1983) , which perhaps do not enable the mites to get over the obstacle of the nasty trichomes to mites and/or these three species could not walk on silky threads spun by themselves (Saito, 2010) . As a result, mites could not move smoothly on borage leaves. In contrast, other mite species weave three-dimensional and irregular structurally complex webs among trichomes (CW type; Saito, 1983) , which allow these mites to walk along the silky threads and get past the trichomes without any difficulty.
In light of the present results, the risk that borage may act as a hotbed for spider mites seems negligible, as it was unsuitable for all tested mite species in terms of fecundity, longevity and acceptance. Thus, the addition of borage as banker plants to a strawberry crop as part of an aphid control strategy will not have a direct effect on spider mite population development in the greenhouses. Our study also indicated that strawberry seems a suitable host for 13 out of the 18 spider mites, with high potential to become pests. Therefore, it remains to be investigated whether borage banker plants in strawberry greenhouses have a negative influence on natural enemies released for spider mite control. Of course, we should always remain aware of the possibility that some spider mite individuals may adapt to the initially hostile borage, when using it as a banker plant. After all, genetic divergence in tetranychid mites may be high. As long as the borage plants are surrounded by a multitude of higher quality hosts, however, the development of borage adapted spider mites seems theoretical.
